This version is available at https://strathprints.strath.ac.uk/58741/ Strathprints is designed to allow users to access the research output of the University of Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights for the papers on this site are retained by the individual authors and/or other copyright owners. Please check the manuscript for details of any other licences that may have been applied. You may not engage in further distribution of the material for any profitmaking activities or any commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the content of this paper for research or private study, educational, or not-for-profit purposes without prior permission or charge.
1
. Traditionally, low MUAC has been seen as a proxy for low fat-free mass 1 , necessary because accurate measurement of fatfree mass in children is usually impractical in both clinical settings and resource-poor settings.
An emerging body of evidence suggests that MUAC may have value beyond its traditional application in the assessment of under-nutrition. The paper by Whitfield and colleagues in this issue of the journal 2 notes that accurate measurement of body weight is often not possible in resource-poor settings, and this is important clinically because it substantially increases the risk of inaccurate drug dosage (where dosage is dependent on body weight). Whitfield et al 2 describe a study which suggests that MUAC, when combined with other anthropometric measures, could be a useful and accurate way of estimating body weight in children.
In a sample of 775 predominantly HIV positive children and adolescents (from 18 months-12 years of age) from Botswana, Whitfield et al made a range of anthropometric measures (height or length, ulnar and tibial lengths, MUAC, and triceps skinfold, body weight). They developed prediction equations for body weight in a randomly selected half of the sample, then tested the accuracy of these prediction equations in the other half. They found that body weight could be estimated with high accuracy using a combination of MUAC and height (or length), MUAC and ulnar length, or MUAC and tibial length, all measured with a simple measuring tape. Whitfield et al also estimated body weight using a range of alternative equations which have been used or recommended, most of which are based on samples from high-income countries: errors in estimation of weight were far higher than with the newly developed MUAC approach, and typically unacceptably high. The MUAC and ulnar and tibial length measures made in the study by Whitfield et al 2 all had high precision (low inter-observer error) when made by the trained observers in the study, as expected 1 . In summary, MUAC appears to be a promising option for the estimation of body weight where this cannot be measured or cannot be measured accurately-this could improve the accuracy of drug dosage, as well as making weight-based measures of nutritional status (e.g. BMI for age) possible in some resourcepoor settings. A few caveats are worth considering. First, as noted by the authors, prediction equations have to be converted to simpler calculation-free methods if they are to be used accurately and widely in clinical practice, since even apparently simple calculations to assess growth or nutritional status can produce large errors when used clinically 3 : the authors provide nomograms for this purpose 2 . Second, generalisability of study findings is important. Prediction equations of the kind developed by Whitfield et al 2 are notoriously population-specific, and external cross-validation in different populations would be important, along with evidence that the nomograms provided were practical and accurate, and inter-observer agreement high. Finally, when body weight cannot be measured then a proxy is clearly essential, but the issue of knowing when body weight measurement is inaccurate (e.g. when scales are available but inaccurate) and when MUAC might be preferable, is more complicated than it might seem.
Another potentially valuable application of MUAC measurement in resource-poor settings has emerged recently, with new evidence that MUAC can provide high accuracy for the assessment of obesity in children and adolescents
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. A number of studies from low-, middle, and high-income countries have shown that high MUAC has high diagnostic accuracy (sensitivity, specificity, predictive values) for the identification of overweight and obesity (as defined by BMI for age 4 ) and for the identification of overfatness (as measured by body composition techniques 5 ). While MUAC has been seen as a marker of fat-free mass 1 , children and adolescents with high MUAC are highly likely to have excess body fat mass, high weight for age, and high BMI for age 4, 5 . Since MUAC measurement is already well established for the assessment of under-nutrition, it should be relatively easy to extend its use to the assessment of over-nutrition, an increasingly important application given the continuing childhood obesity pandemic. Measurement of MUAC could therefore provide a novel, simple, and accurate means of identifying child and adolescent obesity in clinical settings, and of population surveillance of obesity in settings where more complicated measures were not practical. One caveat over the use of MUAC for assessment of over-nutrition is MUAC which these cut-points might be age-specific or population-specific is not completely clear 4, 5 .
In summary, an emerging body of evidence suggests that measurement of MUAC may have substantial additional value, in both clinical practice and public health, beyond its traditional role as a means of assessing under-nutrition. Specifically, MUAC might provide a means of estimating body weight, and a means of identifying obese children, when body weight measurement is not possible, or is of doubtful accuracy. Given the established importance of child body weight status to current and future health and human capital, and in the era of sustainable development goals and global actions on obesity and obesity-related NCDs, it is an indictment of global wealth distribution that there are so many settings where body weight cannot be measured, or cannot be measured accurately. Nonetheless, given the current situation, the use of MUAC for estimation of body weight, and for assessment of obesity, is clearly promising, and for some purposes may even prove to be transformative.
929 words
